Close relationships between attention deficit hyperactivity disorder (ADHD) and epilepsy has been suggested due to prevalence of ADHD symptoms among patients with epilepsy than in the general population. Like epilepsy-depression connection, bi-directional relationships are suggested to underlie the predisposition of patients with ADHD to epilepsy and vice versa. Spontaneously hypertensive rats (SHRs) are characterized with typical behavioral symptoms such as hyperactivity, an attention deficit and impulsiveness, deficient sustained attention and decreased monoamine functioning. Our experimental findings suggest that SHRs might be used as a relevant model of comorbidity between ADHD and epilepsy. Spontaneously hypertensive rats demonstrate abnormal electrophysiological and behavioral characteristics as well as monoamine deficit in the frontal cortex and the hippocampus, which are also evident in epileptic rats. In addition, SHRs shows higher seizure susceptibility in models of temporal lobe epilepsy and disturbed circadian rhythms. Taken together, experimental findings suggest that SHRs could be used to explore the mechanism underlying bi-directional link of ADHD and epilepsy and as a screening method for mechanism-driven therapeutic approaches.
Clinical data revealed that vulnerability to unprovoked seizures is higher in patients diagnosed with ADHD while likelihood of ADHD is increased in patients with epilepsy [1] . The bi-directional link between epileptogenic and patopsychological pathway is unrelated to the severity of epilepsy and ADHD [2] . There is an ongoing debate about the mechanism underlying comorbidity between epilepsy and ADHD [3] . An elevated epileptiform activity in EEG is described in children with ADHD without epilepsy compared to healthy children, both during wakefulness and sleep [4] suggesting a common neurological basis for both conditions. Among the factors contributing for predisposition to epilepsy in ADHD patients can be a genetic propensity, disturbance in noradrenergic neurotransmission, antiepileptic drug effects and psychosocial factors [4] . Despite decades of research, nowadays, the challenge to implement relevant approaches for screening and treatment of the comorbidities into clinical practice is related to unsolved and difficult to overcome methodological obstacles. Validation of a relevant animal model for these conditions may help for the understanding of the mechanism underlying comorbidity between ADHD and epilepsy. Diagnosis for both conditions is often based more on symptomology than upon definitive diagnostic test [5] .
Spontaneously hypertensive rats (SHRs) of Okamoto & Aoki (1963) have been bred from progenitor WistarKyoto (WKY) rats and have been extensively used as a validated model of ADHD [6] . Unlike normotensive
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WKY rats, SHRs demonstrate typical behavioral symptoms such as hyperactivity, an attention deficit and impulsiveness, deficient sustained attention, reduced emotionality and biochemical divergences with their controls as diminished serotoninergic (5-HT) [7] and dopaminergic activity in the frontal cortex [8] . The SHRs have extensively been explored in chronobiological aspect [9] [10] [11] . Experimental data have shown abnormality of the hippocampal structure, neurochemistry and behavior in SHRs [12] [13] [14] . Preclinical data showing seizure susceptibility of SHRs in animal models are few [15, 16] . In chronic models of epilepsy, SHRs are reported to have lower seizure threshold than WKY rats in amygdala and piriform kindling [16] . Sorza et al. (2005) [14] has found a profound neuronal loss in hippocampal formation of pilocapine-treated SHRs. Strain-dependent difference in brain neutransmission involved in control of seizure susceptibility has been suggested to underlie particular responses of these strains [17] . Recently, our studies have revealed that SHRs might be also explored as a relevant model of comorbidity between ADHD and epilepsy [18] [19] [20] . We have reported that SHRs are characterized with higher frequency of spontaneous motor seizures during the chronic epileptic phase compared to normotensive Wistar rats in KA model of TLE [19, 20] .
The intact SHRs represent a useful model to explore mechanisms underlying disturbed circadian synchronization [10] . The disturbances of physiological circadian rhythms underline a number of impaired processes characteristic for epileptic state as well. At twenty weeks of age, SHRs compared to WKY, are characterized by alterations in circadian autonomic profile, inverted diurnal patterns of heart rate, locomotor activity and respiration [9] . As concerns circadian fluctuations of blood pressure in SHRs, experimental data are controversial [9, 10, 21] though altered function of the suprachiasmatic nuclei (SCN) might explain disturbed diurnal activity rhythm of SHRs [10, 22] . Our previous finding showing higher locomotion of intact SHRs compared to normotensive Wistar rats at selected time points [18] are in line with the suggested dysfunction of the SCN. In opposite, while the intact normotensive Wistar rats are characterized by demolished diurnal variations of anxiety level, SHRs demonstrate diurnal rhythms [18] although they have been reported as less fearful than other strains [23] . A decreased anxiety is reported for epileptic rats from different strains [24, 25] . However, the intact SHRs, epileptic SHRs as well as epileptic normotensive rats show decreased inhibitory avoidance behavior and higher latency in escape trials in T-maze test [19] , which behavior is associated with impulsivity and hyperactivity typical for both epilepsy and ADHD.
The monoamine deficit hypothesis of ADHD postulates a dysbalance in the interaction of the neurotransmitters dopamine, noradrenaline and 5-HT [26] . Previous data revealed dysfunction of dopaminergic and 5-HT systems in SHRs modeling ADHD [7, 8] . Moreover, our results revealed that both non-epileptic and epileptic SHRs are also characterized with low levels of dopamine and 5-HT in the hippocampus comparable to epileptic Wistar rats [19] . A positive correlation between low anxiety level in intact and epileptic SHRs and 5-HT, dopamine and tryptophan deficit compared to Wistar control rats has been found. In addition, the observed close relationship between the higher frequency of spontaneously recurrent seizures and monoamine deficit in SHRs is in agreement with the reported opposite link between the level of hippocampal monoamine and seizure activity [27] . Numerous experimental data confirm that the 5-HT transmission is compromised in the hippocampus in rats with epilepsy [28] [29] [30] . Furthermore, epileptic animals are characterized by low brain 5-HT level, impulsivity and aggressiveness [24, 31] . Furthermore, Kondziella et al. (2007) [32] have suggested that deficit of brain 5-HT neurotransmission might underlie disturbed control of excitability in limbic system.
In literature, substantial data exist on hippocampal neuropathology, including neuronal loss, mostly in the CA 1 subfield, and astrocyte reactivity of intact adult SHRs [13] . Similarity between the EEG spectral profiles of SHRs suffering from congenital hypertension and that of KA-treated normotensive rats have been reported earlier [33] .
Overall, naive SHRs demonstrate abnormal biochemical, electrophysiological and behavioral characteristics, which are also evident in epileptic SHRs and other strains. Therefore, the experimental findings support the notion that SHRs might model the comorbidity between ADHD and epilepsy and could be used to explore the mechanisms underlying their bi-directional link and as a screening method for mechanism-driven therapeutic approaches.
